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APPENDIX D

SUMMARY OF THE RAPID SEISMIC ANALYSIS PROCEDURE

D-1. Introduction the response spectra.
This appendix summarizes the rapid seismic anal-
ysis procedure (RSAP) developed by the Naval
Civil Engineering Laboratory (NCEL) for the Na-
val Facilities Engineering Command (NAVFA-
CENGCOM). The RSAP is preceded by computer
and on-site screening at which time site hazards are
identified. The RSAP is intended to identify
buildings that are either liable to be severely
damaged or only lightly damaged. It is a further
screening tool. A complete description of this
procedure is given in the NCEL Technical Memo-
randums TM No. 51-78-02 and TM No. 51-83-07.
Examples showing the analysis of a steel and a
concrete building are given in paragraph D-9.

D-2. Background
The RSAP was initially developed by John A.
Blume & Associates in a pilot study of a relatively
large number of buildings at Puget Sound Naval
Shipyard in 1973. The procedure was formalized by
NCEL.

a. Seismic investigation of an activity. The seis-
mic investigation is divided into two phases. In
Phase I the selected buildings at the activity are
analyzed approximately by RSAP. Phase I parallels
chapters 2, 3, and 4 of this manual. Those buildings
found to be inadequate to Phase I are analyzed in
detail in Phase II to determine the degree of
strengthening required and to estimate costs of
upgrading. Phase II parallels chapters 5, 6, and 7 of
this manual.

b. RSAP. The main purpose of the RSAP is to
identify those buildings that may be susceptible to
severe damage. The major steps of the RSAP are
shown in table D-1. The procedure has the same
development roots as the procedures covered by
chapters 2, 3, and 4 of this manual. The major
modifications that NCEL made to the basic rapid
analysis procedure follow:

(1) Systemization of the analysis of the facility
inventory assets at a Naval installation.

(2) Development of the response spectra for
the design earthquakes. This procedure has since
been formalized by the Tri-Services Committee and
is covered by NAVFAC P-355.l (e.g., SDG).

(3) Automation of computation of shear stiff-
nesses for concrete or masonry buildings, the first
mode shape and natural period of multi-story
buildings, and estimation of building damage from

(4) Enhance the RSAP with the following
modifications:

(a) Criteria for field screening.
(b) Criteria for eliminating buildings from

further investigation in the rapid analysis.
(c) Modified criteria for determining struc-

tural properties including damping values, natural
periods and base shear capacities.

(d) Modified criteria for determining the site
demand from the response spectra at the ultimate
base shear capacity for certain systems.

(e) Criteria to aid the selection of buildings
for detailed analysis.

(f) Criteria to aid in evaluating the adequacy
of the lifeline utilities at a given Naval activity.

D-3. Selection of buildings
The selection procedures of the RSAP includes
provisions for inventory reduction, field screening,
gathering of structural drawings and calculations,
a visual inspection of the selection buildings, and a
cursory survey of the site geological hazards.

a. Inventory reduction. A procedure and criteria
are presented in the RSAP references to facilitate
the selection of the buildings for the visual screen-
ing. With the issue of this manual, the RSAP
criteria are superseded by the screening procedure
of paragraph 2-3 of this manual.

b. Field screening. The RSAP references
recommend criteria for eliminating buildings from
further investigation. These decisions are made
after the brief survey to determine physical
conditions and after a brief examination of
construction drawings. The criteria are similar to
those provided in paragraph 3-2 of this manual.

c. Visual inspection of selecting buildings. A
final visit is made to verify that buildings are built
as shown on the drawings, especially the lateral-
force resisting elements. This step of the RSAP is
similar to the first two steps of the preliminary
evaluation described in paragraphs 4-2a and 4-2b
of this manual.

d. Site geological hazards. During the site visits,
a cursory survey should be made of the potential
seismically-induced geological hazards based on the
available geologic subsurface information. These
hazards include faults and fault rupture,
liquefaction, landslide and lateral spreading, ground
cracking, compaction settlement, tsunami, and seiches.
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Table D-1. Major steps of the Rapid Seismic Analysis Procedure (RSAP)

Preliminary

o Visual survey of the lifeline utility system.

o Screening.

o Selection of buildings.

RSAP

o Determination of the site elastic response spectra.

o Determination of the structural properties at yield and ultimate
levels for the transverse and longitudinal directions.

o Estimation of damage from the structural capacities and demands
from the response spectra.

Follow-Up

o Selection of buildings for detailed analysis.

o Follow—up investigation of site hazards.

D-4. Determination of response spectra recommendation is similar to those in paragraph 4-
Site specific elastic response spectra for single
degree-of-freedom systems are determined in ac-
cordance with the procedures given in the SDG,
chapter 3, appendix C and appendix D. The NAV-
FAC ground motion criterion for the RSAP is a The damping values, the natural periods, and the
maximum ground acceleration having a 20 percent base shear capacities are determined for the trans-
probability of exceedence in 50 years. (Note, this verse and longitudinal directions of the building.
differs from the provisions in this manual, which a. Damping values. The assumed damping val-
specifies EQ-II. EQ-II has a 10 percent probability ues used in the RSAP are given in table D-2.
of not being exceeded in 100 years.)

a. Sample response spectra. Figure D-1 shows
the resulting response spectra for an intermediate Table D—2. Damping values
soil site with a maximum ground acceleration of
0.25g. The curves in the figure are used for
determining the seismic demands (loading) on the
buildings. These spectra are used for the examples
of the RSAP given in paragraph D-9.

b. Acceptable capacities. Buildings with spectra
acceleration capacities at ultimate that satisfy the
site demands at ultimate according to the ground
motion criterion are considered fully acceptable.
Those buildings whose spectral acceleration capac-
ities at ultimate are 75 percent of the demands at
ultimate are considered marginal.

c. Variation in force levels. It is recommended
that damage estimates be made for a few force
levels below and above the 80 percent/SO year
level. These estimates provide a profile of the
expected seismic response of the building. This

2d(6) of this manual.

D-5. Determination of structural properties
at yield and ultimate levels

Percent of Critical

Type Yield Ultimate

Steel 5 10

Concrete 5 10

Wood 10 20

Masonry 5 10
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(Note, these vary from the values given in table 4-2 of the BDM. The weight of the building is approxi-
of this manual.) The damping value increases from mated by assuming unit weights for the roof
the yield to the ultimate level due to the inelastic framing, floor framing, wall, actual live loads (if
deformation of the structural and non-structural any), and other miscellaneous items.
elements of the building. (5) The natural periods of the building at the

b. Natural periods. Natural periods of the build- ultimate level, T , are computed from the periods
ing in the transverse and longitudinal directions are at the yield level, T , by using equation D-4. The
determined from the following equations: range of the recommended ductility factors, F, are

(1) Yield Level: given in table D-3.

where h  = height of building (ft)n
D = width of building in the direction

considered (ft)
C = a constant between 0.75 and 1.5 to

account for building mass and stiff-
ness

m  = seismic mass
k = stiffness of the building in the direc-

tion considered
w = weight of the building at level ‘i”i
* = elastic deformation at level "i" usingi

the applied lateral forces fi
f = approximate lateral force distribu-i

tion consistent with the assumed
fundamental mode shape

F = ductility factor equal to ratio of
maximum displacement to yield dis-
placement

S = spectral acceleration capacity of the•Y
building at yield level

S  = spectral acceleration capacity of the•U
building at ultimate level

(3) Equation D-1 is obtained by multiplying
equation 3-3A of NAVFAC P-355 (e.g., BDM) by
the constant C to account for the different building
masses and stiffnesses. Equation D-2 is the natural
period for a single degree-of-freedom system.

(4) Equation D-3 is the Rayleigh equation 3-3

U

Y

Table D-3. Ductility factors

Type   F  

Steel 4-6

Concrete 3-4

Wood 3-4

Masonry 2-3

c. Base shear capacities. After reviewing the
field survey notes and the construction drawings,
rought sketches of typical plans and elevations of
each building are made to determine the primary
lateral-force resisting system or systems. The yield
and ultimate base shear capacities of a building are
computed by summing the contributions from the
vertical lateral force-resisting elements of the
building in the transverse and longitudinal direc-
tions and dividing the results by the seismic weight
of the building. The horizontal lateral-force
resisting elements such as beam, girders, floor and
roof diaphragms are only considered indirectly in
the analysis by examining the effectiveness of their
connections to the vertical lateral-force resisting
elements.

(1) Yield capacity. The yield capacity of a
building is defined as the lateral-force required to
cause the significant yielding of the most critical,
not necessarily the most rigid, component of the
lateral-force resisting system.

(2) Ultimate capacity. The ultimate capacity of
a building is defined as the lateral-force required to
cause yield initiation of the most flexible compo-
nent of the lateral-force resisting system of the
formation of a collapse mechanism.

(3) Examples.
(a) A steel building with a lateral-force re-

sisting system consisting of infill brick walls and X-
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braces may behave as follows in resisting seismic required for estimating damage is the amount of
forces. The brick wall and X-braces may act damping during the response of the building.
together in resisting the seismic forces until crack- Damping is assumed to be a constant up to the
ing of the brick wall is initiated. Then the X-bracing yield capacity. Above yield, the damping increases
and columns (only after the yielding of the X- because of energy absorption and dissipation from
braces) will take more and more of the seismic inelastic response. The damping values used in the
loading until they fail. rapid analysis were given in table D-2. Further-

(b) For a reinforced concrete building with more, damping is assumed to vary linearly between
shear walls, the shear walls will resist most of the the yield and ultimate capacities of the building.
seismic loading until they have started to crack. c. Damage estimating procedure. The
Thereafter, the frames will start to resist on procedure for estimating damage is based on the
increasing portion of the loading. For reinforced reconciliation of the site demands, S  and S , and
concrete frame and/or shear wall and reinforced the spectral acceleration capacities of the building,
masonry buildings, the ultimate base shear capacity, S'  and S' . The procedure is illustrated
C , is computed first. Then, the yield base shear graphically in figure D-2. The spectral accelerationBU
capacity, C , is obtained by dividing C  by a load capacities of the building are denoted by the openBY      BU
factor 1.5. circles at the natural periods shown. The

(c) Wooden frame buildings with shear panels corresponding site demands are denoted by the
will behave like the concrete frame and shear wall black dots. The intersection of the two lines defined
buildings. by the two sets of points determines the estimated

d. Spectral acceleration capacities. damage of 60 percent. This procedure is essentially
(1) Before they can be used for estimating the the same as the capacity spectrum method of the

earthquake damage, the base shear capacities C SDG that is described in paragraph 4-2d of thisBY
and C  must be transformed to the spectral manual.BU
acceleration capacities S'   and S’  using the d. Modification to damage estimationaY   aU
following equations: procedure. After performing the rapid seismic

S'   = " C  (eq D-5) analysis on a fairly large number of steel buildingsaY    BY
S’ = " C (eq D-6) and wooden buildings, comparisons of the RSAPaU    BU
(2) The constant a in the equations depends on damage estimates with damage observed in major

the mode shape and mass distribution. The great earthquakes for buildings of similar construction
majority of the Navy buildings are less than three indicated that the estimated damage were much
stories high and can be classified as low-rise (< 6- higher than the observed. More realistic damage
story). The " constant for low-rise buildings ranges estimates were obtained by applying a reduction
between 1.05 and 1.18, with the larger value for the factor R  to the ultimate site demands for steel,
taller buildings. For conservatism and simplicity, a wooden, and reinforced concrete and reinforced
is assumed to be one in most cases. (Note, " a as masonry buildings with better-than-average
used in this appendix is the inverse of a used in the reinforcement detailing.
SDG and in table 4-1 of this manual.) (1) The reduction factor R  is used to account

D-6. Estimate of damage seismic response of the building during actual
Earthquake damage is estimated from the demands
of the response spectra using the damping values,
natural periods, and spectral acceleration capacities
of the building.

a. Damage assumption. Until yield capacity of
the building is reached, damage is assumed to be
equal to zero and ductility factor equal to one.
When the ultimate capacity is reached, damage is
assumed to be equal to 100 percent and ductility
factor equal to the maximum value. For intermedi-
ate values of capacity, damage assessment is nec-
essarily somewhat subjective and depends on many
factors not amenable to analytical treatment. For
the rapid analysis, damage is assumed to vary
linearly between the yield capacity, S' , and theaY
ultimate capacity, S' , as shown in figure D-2.aU

b. Damping assumption. Another assumption

aY  aU

aY  aU

U

U
for energy absorption and dissipation from inelastic

earthquakes not accounted for by the lengthening
of the natural periods and increase in damping from
the yield to the ultimate level. The following RU
values are recommended:

(a)  Steel Buildings: R  = 5.0.U
(b) Wooden Buildings: R  = 5.0 for thoseU

buildings with a large number of interior partitions.
For wooden warehouses and large-span wooden
structures, R  = 1.5.U

(c) Reinforced Concrete and Masonry Build-
ings: R  = 1.5 for those buildings with better than-U
average detailing than required by code during their
design. Otherwise, R  = 1.0.U

(2) An illustration of the effect of R  on theU
estimated damage is shown in figure D-2. With RU
of 5.0, the estimated damage is reduced from 60
percent to 34.4 percent.
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e. Combined building damage estimate. For b. Buildings with greater than 30 percent com-
each building, damage is computed for the bined damage may warrant detail analysis.
transverse and longitudinal directions. To determine c. Buildings with relatively poor structural con-
the combined damage for the building, it is assumed nections may require detail analysis, even if the
that one-third of the building depends on the combined damage is less than 30 percent.
lateral-force resisting system in each principal d. Essential buildings and other structures that
direction and one-third depends on both directions. are required to remain functional during and after a
That is, if a lateral-force resisting element required major earthquake are analyzed in detail as for new
to provide seismic resistance in both directions is buildings according to the criteria given in
damaged by earthquake ground shaking in one NAVFAC P-355.1 (e.g., SDG). Variance from the
direction, it is also damaged in the other direction. criteria is allowed only with the consent of the
Combined damage for the building is obtained by approving authority.
taking two-thirds of the damage in the more critical
direction and adding one-third of the damage in the D-8. Visual survey of lifeline utilities
other direction. For instance, if the damages are 60
percent and 30 percent in the transverse and
longitudinal directions, the combined damage is 50
percent. (Note, this is essentially the same as
paragraph 4-2d(5) of this manual.)

f. Computer aided procedure for damage esti-
mates. When computing damage estimates for
many buildings and/or at many different ground
acceleration levels, the computation is best done by
a computer program. NCEL has developed
computer program GEL 9 to do the calculations.
The site identification, maximum site ground ac-
celeration, digitized site response spectra, building
identification, damping values, natural periods, and
spectral acceleration capacities at the yield and
ultimate levels for the transverse and longitudinal
directions, and the replacement cost are input into
the computer. The program computes the estimates
damage and cost for the building at the maximum
site ground acceleration. The damage cost is
obtained by multiplying the estimated percent
damage by the replacement cost. In addition, the
program computes damage estimates for maximum
ground accelerations between 0.05 and 0.50g at
0.05g increments. A sample output from the
program for a steel building is given in table D-4.

g. In general, the successful application of the
rapid seismic analysis procedure demands experi-
ence in seismic design and construction and good
engineering judgment.

D-7. Selection of buildings for detailed
analysis

Based on the results from the rapid analysis, the of the SDG for examples).
following guidelines are used in selecting buildings (3) Provides standby emergency power, water,
for detail analysis: materials, storage facilities, and alternative utility

a. Buildings with greater than or equal to 60 routes to insure rapid restoration capacity.
percent combined damage under the maximum site (4) Develop disaster recovery strategies.
ground acceleration would definitely require detail (5) Coordinate emergency planning with other
analysis. military activities.

If an activity is to remain functional before and after
an earthquake, the lifeline utility systems and the
mechanical and electrical equipment must also
remain functional. As a part of the rapid seismic
analysis, a cursory survey is made of the lifeline
utility system to determine its adequacy. The lifeline
utility system at an activity includes:
! Energy
! Water
! Sewer
! Communication
! Transportation
a. Network of utility elements. The effects from

the failure of an utility element of the lifeline utility
system is different than the failure of a building in
an activity with many buildings. The failure of a
building generally has little or no effect on the
surrounding buildings, except in case of fire. By
contrast, the utility elements are part of a network.
The failure of one element can have an immediate
effect on the function of the whole network. A
discussion of lifeline utility problems in past
earthquakes and solutions is given in NCEL TM
No. 51-83-07.

b. Administrative measures. The following ad-
ministrative measures are recommended to mini-
mize effects from earthquake damage to lifeline
utilities on the mission of an activity:

(1) Analyze and strengthen inadequate struc-
tures.

(2) Provide adequate seismic bracing and/or
anchorage to utility equipment and storage facilities
(see chapters 3 and 10 of the BDM and chapter 6
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D-9. Examples of the RSAP estimates for the steel building and table D-7 gives
The RSAP is illustrated by means of two examples.
One is a steel building and the other is a concrete
building. Table D-5 gives the response spectra data
for both examples. Table D-6 gives the damage

the estimates for the concrete building. Figures D-3
and D-4 give the building descriptions and the
RSAP calculations for the steel and concrete
buildings, respectively.
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